Parapedobacter pyrenivorans sp. nov., isolated from a pyrene-degrading microbial enrichment, and emended description of the genus Parapedobacter A novel pyrene-degrading, Gram-negative bacterium, designated strain P-4 T , was isolated from a polycyclic aromatic hydrocarbon-degrading enrichment of polluted soils from a coking chemical plant. Cells of strain P-4
The genus Parapedobacter was established by Kim et al. (2007) to describe a bacterial isolate that was associated with the family Sphingobacteriaceae but was phylogenetically distinct from the genera Sphingobacterium (Yabuuchi et al., 1983) , Pedobacter (Steyn et al., 1998) and Olivibacter (Ntougias et al., 2007) . At the time of writing, there were four species within the genus Parapedobacter with validly published names: Parapedobacter koreensis, from dried rice straw (Kim et al., 2007) , Parapedobacter soli, from a ginseng field (Kim et al., 2008) and Parapedobacter luteus and Parapedobacter composti, from cotton waste composts (Kim et al., 2010) . Members of the genus Parapedobacter are Gram-reaction-negative and oxidase-and catalase-positive. Menaquinone 7 (MK-7) is present in the respiratory chain. The major fatty acids are iso-C 15 : 0 , C 16 : 0 , 10-methyl C 16 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c). The major polyamine is homospermidine and sphingolipids are also detected (Kim et al., 2007) .
In this report, we present the taxonomy of a bacterial strain P-4 T based on its physiological, chemotaxonomic and phylogenetic properties. Strain P-4 T was isolated from a pyrene-degrading enrichment. The enrichment was established by continuous cultivation in 500 ml flasks that were inoculated with polluted soils from a coking chemical plant near Beijing, China. The medium used for enrichment was modified from mineral salts medium (MSM) (Walter et al., 1991) by replacing KNO 3 with NH 4 NO 3 (1.0 g l
21
) and complemented by 2 ml trace element solution (Konopka, 1993) . Pyrene at 200 mg l 21 was included as the sole carbon and energy source. Strain P-4 T was isolated by plating a sample of the enrichment on agar-solidified medium consisting of the enrichment medium containing 2 % (w/v) agar. The purity of the isolate was checked by 16S rRNA gene sequence analysis and morphological observation using a phase-contrast microscope (Axiostar plus; Zeiss).
Cell morphology and flagella were examined with scanning electron microscopy (Quanta 200; FEI) and transmission electron microscopy (H600; Hitachi) using cells grown at 37 u C for 3 days on R2A agar (Reasoner & Geldreich, 1985) . The Gram reaction was determined according to the method described by Gerhardt et al. (1994) . Gliding motility and anaerobic growth were assessed with R2A medium according to Dong & Cai (2001) . Other physiological and biochemical properties were determined with the API ZYM, API 20NE, API ID 32GN and API 50CH systems (bioMérieux), according to the manufacturer's instructions. Cell concentrates of strain P-4 T were suspended in R2A broth and distributed in the API system test strip wells for physiological and biochemical characterization.
Growth was examined at 4, 15, 20, 25, 30, 37, 45 and 68 u C in Luria-Bertani (LB) broth (pH 7.0). For determination of the pH range for growth, strain P-4 T was cultured in LB medium at 37 u C after adjusting the pH to 3.0 (3.1), 3.5 (3.5), 4.0 (4.1), 4.5 (4.6), 5.0 (5.1), 5.5 (5.6), 6.0 (6.1), 6.5 (6.6), 7.0 (7.0), 7.5 (7.5), 8.0 (7.8), 8.5 (8.4), 9.0 (8.8), 9.5 (9.2) and 10.0 (9.5) with 1 M HCl or 5 M NaOH (the pH after autoclaving is shown in parentheses). Cell growth was determined by measuring the OD 600 . NaCl tolerance was measured in LB broth supplemented with 0-4 % (w/v) NaCl at intervals of 0.5 %. Growth on pyrene was detected with the enrichment medium after cultivation for 8 days at 30 u C. The pyrene concentration was measured by HPLC (1200 series; Agilent) according to Li et al. (2012) .
For analysis of cellular fatty acids, strain P-4 T and reference strains were grown for 48 h at 30 u C on trypticase soy broth agar (TSA; Bacto). Cells were harvested from the plates and fatty acids were extracted, methylated and quantified by GC (Hewlett Packard 6890) using the Sherlock Microbial Identification System 6.0 following the manufacturer's instructions (Microbial ID Inc.). Isoprenoid quinones were first extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1 v/v) and then separated from other components by TLC (Collins, 1985) . The purified isoprenoid quinones were analysed by reversed-phase HPLC equipped with a Zobax ODS C18 column (4.66250 mm; Agilent Co.) using acetonitrile/ isopropyl alcohol (2 : 1.2, v/v) as the mobile phase (Wu et al., 1989) . Total polar lipids of strain P-4 T , P. composti JCM 15978
T and P. luteus JCM 15977 T were extracted from stationary-phase cells (about 2 g wet weight) according to the method of Kamekura (1993) and separated by twodimensional TLC (Merck silica gel 60, 10610 cm) as described by Ross et al. (1981) . Phospholipids were visualized with the Zinzadze reagent according to Dittmer & Lester (1964) . Glycolipids were detected by spraying the plate with 0.5 % a-naphthol in methanol/ water (1 : 1, v/v) and then with sulfuric acid/ethanol (1 : 1, v/v), after 5-10 min of heating at 120 u C (Xin et al., 2001).
Total lipids were stained with molybdatophosphoric acid followed by heating at 120-160 u C according to Worliczek et al. (2007) . Polyamines were extracted and analysed by HPLC equipped with a reversed-phase ODS C 18 column as described by Hamana & Matsuzaki (1992) and Busse et al. (1997) . The DNA base composition was determined by the thermal denaturation method (Marmur & Doty, 1962) using DNA from Escherichia coli K-12 as a reference.
The nearly complete 16S rRNA gene of strain P-4 T was amplified with the primers 27f (59-AGAGTTTGATCT-TGGCTCAG-39) and 1492r (59-GGTTACCTTGTTAC-GACTT-39) and sequenced. Alignments of 16S rRNA gene sequences were performed with the CLUSTAL_X program, . In our study, P. composti JCM 15978 T and P. luteus JCM 15977 T were grown and tested in parallel with strain P-4 T . All strains were grown on TSA at 30 u C for 2 days.
When the results for P. composti JCM 15978 T and P. luteus JCM 15977 T from this study were different, the results from the study of Kim et al. (2010) are given in parentheses. Data for P. koreensis Jip14 T and P. soli DCY14 T are from Kim et al. (2007 Kim et al. ( , 2008 version 1.64b (Thompson et al., 1997) , and positions with insertions or deletions were excluded from calculations. Neighbour-joining, minimum-evolution and maximumparsimony phylogenetic trees were reconstructed using MEGA 4.0 (Tamura et al., 2007) based on evolutionary distances calculated with Kimura's two-parameter model (Kimura, 1980) .
Colonies of P-4 T on R2A, TSA and LB plates were circular, entire, smooth, opaque, yellow and convex with a diameter of 0.5-1.3 mm. Cells were Gram-reaction negative, nonspore-forming, non-motile rods, 0.3-0.4 mm in diameter and 0.6-1.3 mm long. Growth occurred at 15-45 u C (optimum, 37 u C) and pH 6.0-9.0 (optimum, pH 8.5) and in the presence of less than 4 % (w/v) NaCl (optimum growth in the absence of NaCl; no growth at 4 % NaCl).
Oxidase, catalase and flexirubin-type pigment production were positive. Starch and aesculin were hydrolysed, but gelatin, casein, tyrosine, Tween 80, chitin and CM-cellulose were not. Nitrate was not reduced. Urease and arginine dihydrolase activities were absent. Glucose fermentation was negative. Indole was not produced. Detailed physiological and biochemical characteristics of strain P-4 T were provided in the species description.
The cellular fatty acids of strain P-4 T were iso-C 15 : 0 (34.5 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 26.2 %), iso-C 17 : 0 3-OH (13.7 %), summed feature 9 (iso-C 17 : 1 v9c/10-methyl C 16 : 0 ; 10.0 %), anteiso-C 15 : 0 (3.7 %), iso-C 15 : 0 3-OH (2.3 %), C 16 : 0 (1.6 %), iso-C 15 : 1 G (0.9 %), C 16 : 0 3-OH (0.9 %) and C 17 : 0 2-OH (0.9 %), similar to those of other members of Parapedobacter. A comparison of the cellular fatty acid compositions of P-4
T and type strains of other Parapedobacter species is presented in Table  1 . Strain P-4
T had MK-7 as the major respiratory quinone. The sole polyamine of strain P-4 T was homospermidine. The major polar lipids were phosphatidylethanolamine and a sphingolipid; four unknown glycolipids were also detected. The DNA G+C content of the strain was 
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Bacteroides caccae ATCC 43185 T (X83951) 45.4 mol%, close to the range (45.6-50.1 mol%) reported previously for Parapedobacter species (Table 1) .
The nearly complete 16S rRNA gene was amplified and sequenced. Sequence analysis showed that strain P-4 T was related phylogenetically to members of the genus Parapedobacter, with similarity of 93.7-95.1 %. According to the phylogenetic analysis, strain P-4 T was most closely related to P. composti JCM 15978 T . The neighbour-joining tree with type strains of all Parapedobacter species and members of related genera of the family of Sphingobacteriaceae is shown in Fig. 1 . The topology shown in Fig. 1 was also supported by the minimum-evolution and maximumparsimony trees (results not shown).
The above results clearly indicated that strain P-4
T was a member of the genus Parapedobacter. Strain P-4
T exhibited a range of physiological and biochemical characteristics that distinguished it from previously described Parapedobacter species. The most significant differences between strain P-4
T and other Parapedobacter species were that strain P-4 T grew on pyrene (Fig. 2 ) and a range of other aromatic compounds and that it grew optimally at pH 8.5. Other physiological, biochemical and chemotaxonomic differences are listed in Tables 1 and 2 . Based on our phenotypic and phylogenetic studies, it was concluded that strain P-4
T represents a novel species of the genus Parapedobacter, for which the name of Parapedobacter pyrenivorans sp. nov. is proposed. On the basis of new data obtained in this study and previous reports (Kim et al., 2008 (Kim et al., , 2010 , an emended description of the genus Parapedobacter is also proposed.
Emended description of the genus Parapedobacter Kim et al. 2007
The description of the genus Parapedobacter was based on a single strain (Kim et al., 2007) , and therefore does not cover the species described in later reports, so the following amendments are proposed. Cells are aerobic, Gramreaction-negative, non-motile, non-spore-forming rods. Oxidase and catalase are positive. The predominant isoprenoid quinone is MK-7. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The major polar lipids are phosphatidylethanolamine and a sphingolipid. The G+C content of the DNA is 45.4-50.1 mol%.
Description of Parapedobacter pyrenivorans sp. nov.
Parapedobacter pyrenivorans (py.re.ni.vo9rans. N.L. n. pyrenum pyrene; L. part. adj. vorans eating, devouring; N.L. part. adj. pyrenivorans pyrene-devouring).
Displays the following properties in addition to those given for the genus. Cells are 0.3-0.4 mm in diameter and 0.6-1.3 mm long. Colonies on R2A, TSA and LB plates are circular, entire, smooth, opaque, yellow and convex with a diameter of 0.5-1.3 mm. Growth occurs at 15-45 u C (optimum 37 u C) and pH 6.0-9.0 (optimum pH 8. 
